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APPENDIX I

AERIAL PHOTOGRAPHS WITH SPAWNING GRAVEL

BAR LOCATIONS FOR THE LOWER DESCHUTES RIVER,

OREGON, 1983-84.



This appendix contains air photos of the lower Deschutes

River, Oregon with the outlines of deposits of spawning

gravel identified in 1983 and 1984 superimposed.

Benchmarks for stations which were sampled for gravel

permeability or composition are shown as hollow triangles

on the photos and identified by a station number given in

parentheses.
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APPENDIX II

PHOTO REPRESENTATION OF STATIONS SAMPLED FOR

GRAVEL PERMEABILITY AND GRAVEL COMPOSITION IN THE

LOWER DESCHUTES RIVER, OREGON 1983-84



The photos presented in this appendix provide documentation

of conditions prevailing during this study at the stations

sampled for gravel quality. Photos are presented in order

of decreasing proximity to the Pelton/Round Butte

hydroelectric complex.
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APPENDIX III

LOCATIONS OF STATIONS AND SURVEY HUBS WITHIN

STATIONS IN THE DESCHUTES RIVER, OREGON WHICH WERE

SAMPLED FOR GRAVEL PERMEABILITY IN FALL 1983.



This appendix contains information on the locations of

benchmarks and survey hubs used to establish the exact

location of sampling points at each spawning area in the

lower Deschutes sampled for gravel permeability in Fall

1983.
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PERMEABILITY SAMPLING
Benchmark, Pivot and Survey hub Locations

Station: Jackson's (#501)
Study Section: I
River Mile: 99.8
Date: 9/22/83

Benchmark: Fencepost on right bank across from fence
at Zane Jackson's, Benchmark is 107 feet
at 136 degrees (mag az) from stream side
end of fence at the north end of
Jackson's lawn.

Hub

1
2
3

AZMaq

360
34
18

Distance

69.2'
86.5'

144.5'

From

Benchmark
"
"

PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Valve (#502)
Study Section: I
River Mile: 99.6
Date: 9/22/83

Benchmark: Fencepost on right bank at the base of a
tree approximately half way down the side
channel.

Hub

1
2
3

Mag Az

232
290
358

Distance

74.0'
37.3'

112.0'

From

Benchmark
"
"
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PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Disney (X504)
Study Section: I
River Mile: 98.9
Date: 9/21/83

Benchmark:

Hub

1
2
3

Fencepost near head of the island marked
" c" on air photo.

Mag AZ Distance From

277 96.5 Benchmark
290 41.3 "
20 62.7 "

PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Guard Rail (#507A)
Study Section: I
River Mile: 98.5
Date:

Benchmark:

Hub

1
2
3

9/20/83

Fencepost in water along right bank
approximately one-third of the way
downriver from the upper end of the
spawning area.

Mag Az

282
10
38

Distance

52.0'
52.0'

157.5'

From

Benchmark
"
"
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PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Paxton's (#508A)
Study Section: I
River Mile: 98.1
Date: 9/20/83

Benchmark: Fencepost on right bank near large rock.

Hub Mag Az Distance From

1 247 103.0 Benchmark
2 272 82.5 "
3 326 62.0 "

PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Morrison's (#II-S)
Study Section: II
River Mile: 96.4
Date: 9/30/83

Benchmark: Fencepost on right bank, downriver from
Morrison's near "no fishing" sign.

Hub AZMag Distance From

1 325 84.0 Benchmark
2 340 62.0 I
3 80 178.0 11
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PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Dry Creek (#10)
Study Section: II
River Mile:
Date:

Benchmark:

94.2
9/23/83

Fencepost on right bank of side channel
across from fire pit and camp site.

Hub Maq Az Distance From

1
2
3

266 116.5 Benchmark
280 96.3 I(
350 41.7 Ifi

Hub

Pivot
Pivot
1
1
2
2
3
3

PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Below Dry Creek (#lOA)
Study Section: II
River Mile: 94.1
Date: 9/29/83

Benchmark: Fencepost on left bank where a footpath
drops down to the river from the Dry
Creek Road. Marker is relatively close
to a small island that is an area of
slack water near the west bank.

Maq Az Distance From

108 Benchmark
85 From "No Fishing" Sign

270 31.0' Pivot
110 Benchmark
60 21.5' Pivot

100 Benchmark
45 84.0' Pivot
94 Benchmark
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PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Juniper (#ll)
Study Section: II
River Mile: 93.2
Date: 9/29/83

Benchmark:

Hub

1
2
3

Fencepost on right bank in streamside
riprap at upper end of spawning area.

Maq AZ

336
4

12

Distance

34.5'
51.0'
72.5'

From

Benchmark
81
8#

PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Trout Creek Camp (#19)
Study Section: II
River Mile: 88.3
Date: 9/27/83

Benchmark:

Hub

1
2
3

OSGC Benchmark above island near right
bank, Benchmark is an old staff gauge.

AZMaq Distance From

360 105.0' Benchmark
355 145.0' )I

360 182.5' QI
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PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Whiskey Dick (#47)
Study Section: III
River Mile: 77.3
Date: 9/26/83

Benchmark: OSGC stake on left bank, just above the
very small island which is at the lower
end of this small station.

Hub             Mag Az               Distance           From

1
2
3

360 21.0 Benchmark
80 37.0 "
74 63.0 "

PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Newton's Island (#56)
Study Section: III
River Mile: 70.2
Date: 9/12/83

Benchmark: Fencepost on small grassy island to west
of main Newton's island. Benchmark
sighted in from a more secure fence post
on Newton's Island at 220 degrees and
89.1 feet.

Hub Maq AZ Distance From

1
2
3

40
105
120

59.0’
63.0'
96.0’

Benchmark
"
"
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PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Rimrock Chateau (#58A)
Study Section: III
River Mile: 69.2
Date: 9/02/83

Benchmark: Fencepost on right bank, approximately 45
yards up river from barbed wire fence
( same  as 58B).

Hub

1
2

Maq AZ Distance From

204 65.0'
108 100.0'

Benchmark"

PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Rimrock Chateau (#58B)
Study Section: III
River Mile: 69.2
Date: 9/02/83

Benchmark: Fencepost on right bank, approximately 45
yards up river from barbed wire fence
( s a m e  a s  5 8 A ) .

Hub

1

Mag AZ

204

Distance

65.0'

From

Benchmark
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PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Rimrock Chateau (#58C)
Study Section: III
River Mile: 69.1
Date: 9/14/83

Benchmark:

Hub

1
2
3

Fencepost on right bank, at the base of a
large alder.

Maq Az                 Distance          From

250 111.0' Benchmark
350 33.0' Hub 1
320 66.7' Hub 1

PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Windy Flat (#62)
Study Section: III
River Mile: 65.7
Date: 8/31/83

Benchmark: Fencepost on right bank at base of large
tree near old snag.

Hub            Maq Az               Distance            From

Pivot 164 349 Benchmark
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PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Oak Springs (#92)
Study Section: III
River Mile: 47.5
Date: 10/28/83

Benchmark: Fencepost on right bank.

Hub    Mag Az Distance   From

1
2
3

146
156
206

179.0'
85.5'
46.2'

Benchmark
"
"

PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Jones Canyon (#102)
Study Section: IV
River Mile: 34.2
Date: 10/31/83

Benchmark: Fencepost on right bank near road. See
air photo overlay for location.

Hub          Mag Az            Distance          From

1
2
3

86
100
103

192'
180'
154'

Benchmark
"
"



PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Cedar Island (#lO4)
Study Section: IV
River Mile: 31.2
Date: 9/09/83

Benchmark: Fencepost on right bank near road. See
air photo overlay for location.

Hub Mag Az            Distance        From

1 294 314'
2 284 178'
3 280 136'

Benchmark
Hub 1
Hub 2

PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Dike (#114)
Study Section:
River Mile: G.1
Date: 10/11/83

Benchmark: Fencepost on left bank at the base of a
large tree slightly upriver from the
gravel bar.

Hub Maq AZ Distance From

1 15 85.3'
2 3 97.0'
3 1 128.0'

Benchmark
"
"
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PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Fall Canyon West (#122)
Study Section: IV
River Mile: 10.4
Date: 10/12/83

Benchmark: Fencepost on island; right bank of side
channel near largest red alder.

Hub Maq AZ Distance From

1 251 59.1'
2 209 41.1'
3 183 53.3'

Benchmark
"
"

PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Fall Canyon East (#123)
Study Section: IV
River Mile: 10.3
Date: 10/24/83

Benchmark: OSGC marker stake on right bank near
bush-like tree.

Hub            Mag Az                Distance From

1 174 43.0'
2 250 43.3'
3 262 56.0

Benchmark
"
"
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PERMEABILITY SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Fall Canyon North (#123A)
Study Section: IV
River Mile: 10.2
Date: 10/24/83

Benchmark: Fencepost on right bank, well above
maximum high water line.

Hub

1
2
3

Maq Az Distance From

176 160' Benchmark
219 164' "
240 220' "
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APPENDIX IV

METHODS USED (1983-1984) TO SAMPLE GRAVEL QUALITY

AT GRAVEL BARS IN THE LOWER DESCHUTES RIVER,

OREGON.



Presented in this appendix are some of the methods and

procedures used during 1983 and 1984 to document gravel

quality at spawning areas in the lower Deschutes River,

Oregon.
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PERMEABILITY SAMPLING

At each point sampled, the Mark VI standpipe (Terhune 1957)

was driven 18 to 20 cm (7-8 in) into the gravel using an

inside driving rod and a sledgehammer. Once the pipe had

been driven into the substrate 18-20 cm, the driving rod

was removed, and a hole near the base of the standpipe was

plugged with a rubber stopper after the water level inside

the standpipe had reached the surface elevation of the

river. The rubber gasket often used to prevent slippage of

water down the sides of the standpipe and through the

gravel was not used in order to be consistent with methods

used by the Oregon State Game Commission in the

mid-1960%.

Next, a metal aspiration tube connected via a flexible

plastic tube to a hand operated bilge pump and water trap

was lowered slowly into the standpipe while the hand pump

was operated. When the tube reached the water surface

inside the standpipe (indicated by a slurping sound), pump

operation was halted and a sliding "T"-shaped stop was

positioned at the top of the standpipe and tightened to the

463



aspiration tube. The lower end of the metal tube was then

dropped precisely 2.5 cm (one inch) below the river surface

level by allowing the stop to slip into the standpipe.

Permeability measurements were obtained by operating the

hand pump until a slurping sound was again heard. This

indicated that a 2.5 cm head had been created between the

water column inside the standpipe and the surface of the

river. Pump operation was continued to maintain this head

while the water entering the standpipe from the surrounding

gravel was sucked from the standpipe and directed into a

plastic reservoir via a two way valve. This water was

collected for a period of five seconds and then redirected

to the hand pump via the two-way valve.

Operation of the hand pump was then discontinued. Water

which had been drawn into the collection reservoir over the

five second period was then dispensed into a cylinder with

2 ml graduations. The total volume of water collected (ml)

was divided by five to yield the rate of water flow into

the standpipe in ml/second.
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Two replicate inflow measurements (ml/sec) were taken each

time a Mark VI standpipe was driven into a gravel bar.

These rates of inflow were recorded in the field along with

the date, station, water temperature, sample point

locations, water depths at the points sampled, and any

significant comments relating to samples.

The replicate inflow rates comprising each sample were

directly related to gravel permeabilities (cm/hr).

Conversions were made using the inflow-permeability

relationship for Mark VI standpipes given in Table IV-l.

Gravel permeabilities were then standardized to a water

temperature of 10°C by applying the conversion factors in

Table IV-22. This temperature adjustment was necessary to

account for differences in water viscosity at different

temperatures (Terhune, 1958).
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Table IV-l.
Inflow-permeability relationship for the Mark VI groundwater
standpipe(a).

Inflow
(ml/sec)

Permeability
(cm/hr)

1 35
2 100
3 170
4 260
5 360
6 460
7 550
8 640
9 730

10 830
11 950
12 1,070
13 1,180
14 1,290
15 1,400
16 1,520
17 1,640
18 1,760
19 1,880
20 2,000
21 2,150
22 2,300
23 2,450
24 2,600
25 2,750
26 2,900
27 3,059
28 3,200
29 3,350
30 3,500
31 3,670
32 3,850
33 4,040
34 4,230
35 4,420
36 4,610
37 4,800
38 5,000
39 5,200
40 5,400
41 5,650

Inflow Permeability
(ml/sec) (cm/hr)

42 5,900
43 6,200
44 6,450
45 6,700
46 7,000
47 7,250
48 7,500
49 7,750
50 8,000
51 8,300
52 8,600
53 8,900
54 9,200
55 9,500
56 9,800
57 10,100
58 10,400
59 10,700
60 11,000
61 11,400
62 11,800
63 12,200
64 12,600
65 13,000
66 13,400
67 13,800
68 14,200
69 14,600
70 15,000
71 15,600
72 16,200

;:
16,800
17,400

75 18,000
76 18,600
77 19,200
78 19,800
79 20,400
80 21,000
81 21,900
82 22,800

Inflow Permeability
(ml/sec) (cm/hr)

83 23,700
84 24,600
85 25,500
86 26,400
87 27,300
08 28,200
89 29,100
90 30,000
91 31,200
92 32,400
93 33,600
94 34,800
95 36,000
96 37,200
97 38,400
98 39,600
99 40,800
100 42,000
101 44,100
102 46,300
103 48,400
104 50,600
105 52,700
106 54,900
107 57,000
108 59,200
109 61,300
110 63,500
111 65,600
112 67,800
113 69,900
114 71,100
115 73,200
116 75,140
117 77,600
118 79,800
119 82,000
120 84,200
121 86,800
122 89,200
123 91,600
124 94,000

aTerhune, L.B.D. 1958. The Mark VI groundwater standpipe for
measuring seepage through salmon spawning gravel. J. Fish.
Res. Bd. Canada, 15(5):1027-1063.
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Table IV-2.

Calibration factors used to correct gravel perme-
abilities for water viscosity differences due
to water temperature. The calibration factors
standardize permeability readings to 10.C.

Water
Temperature ('C) Kt(a)-

1 1.324
2 1.279
3 1.238
4 1.199
5 1.161
6 1.126
7 1.092
8 1.060
9 1.029

10 1.000
11 0.972
12 0.945
13 0.920
14 0.895
15 0.872
16 0.850
17 0.828
18 0.807

Water
Temperature (OF)

41
42
43
44
45
46
47
48
49
50
51
52
53
54

5565
57
58
59
60

8:
63
64

KtW-

1.161
1.141
1.122
1.102
1.086
1.066
1.051
1.032
1.017
1.000
0.983
0.969
0.953
0.940
0.925
0.913
0.898
0.886
0.872
0.860
0.848
0.835
0.823
0.811

aFactors are based on the viscosity of pure water (H20) at
various temperatures as given in the Handbook of Chemistry and
Physics, 42nd edition.
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FREEZE-CORE SAMPLING

Freeze-core sampling of the composition of gravel within

salmonid spawning areas in the Deschutes River, Oregon was

conducted using methods reported by Everest et al. (1980).- -

Cores of spawning gravel were obtained by first driving a

triad of sample probes (freezing tubes) approximately 40 cm

(16 inches) into the riverbed through a template which kept

the tubes roughly parallel to one another. A tripod and

winch used to extract frozen gravel cores were then

positioned over the freezing tubes and attached to the

template. Next, liquid CO2 from specially modified 20

lb. fire extinguisher bottles (with draft tubes) was

delivered to the freezing tubes in the substrate through a

set of tubular manifolds fitted with an array of small

nozzles near the tip. The manifolds slowed the rate of

CO2 delivery and thus increased freezing efficiency. The

substrate sample was frozen while liquid CO2 vaporized

upon entering the freezing tubes and drew heat through the

walls of the freezing tubes from the surrounding gravel.
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When all the liquid CO2 in a 20-lb. fire extinguisher

bottle had been delivered to the tubes, the manifolds were

removed. The tripod and winch were then used to extract

the frozen core of spawning gravel from the river bed.

The cryogenic equipment used to collect gravel samples was

initially constructed according to the specifications of

Everest et al. (1980). However, the composition of the

gravels sampled and conditions under which sampling was

performed made considerable modification of the equipment

necessary in order to obtain good samples. All freeze-tube

surfaces exposed to water above the substrate surface were

insulated with removable foam sleeves to increase the

freezing capacity of the equipment. Also, a metal cylinder

was placed around the cluster of tubes during the freezing

and extraction process to divert flowing water around the

sampling device. This produced quiescent conditions, both

increasing freezing capacity and preventing erosion of

cores as they were extracted. Finally, the legs of an

aluminum tripod used to extract gravel cores were

reinforced with l/4" X 1 l/2" angled aluminum bar to

prevent buckling of the tripod.
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The modifications just outlined helped to create equipment

which performed well under difficult circumstances.

However, the sampling probes (freezing tubes) continually

bent when driven into the riverbed and required frequent

restraightening during the study.
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APPENDIX V

LOCATIONS OF BENCHMARKS AND TEMPORARY SURVEY HUBS

FOR EACH STATION IN THE LOWER DESCHUTES RIVER,

OREGON SAMPLED FOR GRAVEL COMPOSITION, 1983 -

1984.



This appendix contains information on the locations of

benchmarks and survey hubs used to establish the exact

location of sampling points at each spawning area in the

lower Deschutes sampled for gravel composition in Fall

1983.
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Jackson's (#501)
Study Section: I
River Mile: 99.8
Date: 9/15/83

Benchmark = Right bank across from fence at Jackson's
place: BM= 107 @ 136 degrees, from
bankside fencepost at the north end of
Jackson's lawn.

Hub

1
2
3

Mag Az          Distance       From

360 69.2'
34 86.5'
18 144.5'

Benchmark
"
"

FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Disney (#504)
Study Section: I
River Mile: 98.9
Date: 9/21/83

Benchmark = Benchmark is a fencepost on the island at
this station and is marked with a "C" on
the air photo overlay.

Hub

1
2
3

Mag Az         Distance       From

271 96.5'
290 41.3'
20 62.7'

Benchmark
"
"
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Morrison's(#II-5)
Study Section: II
River Mile: 96.4
Date: 10/04/83

Benchmark = Fencepost on right bank near "No Fishing"
sign.

Hub Maq AZ Distance From

1 325 84.0' Benchmark
2 340 62.0' n

3 80 178.0' "

FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Below Dry Creek (#lOA)
Study Section: II
River Mile: 94.1
Date: 9/28/83

Benchmark =

Hub

Pivot
Pivot
1
1
2
2
3
3

Fencepost on the left bank where a
footpath drops down to the river from the
Dry Creek road. Marker is relatively
close to a small island that is in an
area of slack water near the west bank.

Mag AZ Distance From

108 Benchmark
85 From “No Fishing" Sign

270 31.0' Pivot
110 Benchmark
060 21.5' Pivot
100 Benchmark
45 84.0 Pivot
94 Benchmark
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Whiskey Dick (#47)
Study Section: III
River Mile: 77.3
Date: 10/05/83

Benchmark = OSGC fencepost on left bank, just above
very small island which is at the lower
end of this station.

Hub            Mag Az           Distance          From

1 95 21.0' Benchmark
2 80 37.0' "
3 74 63.0' "

FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Newton's Island (#56)
Study Section: III
River Mile: 70.2
Date: 9/13/83

Benchmark = BFencepost on small grassy island to west
of main Newton's Island. Benchmark
sighted in from a more secure reference
point on Newton's Island at 220 degrees
and 89.1 ft.

Hub

1
2
3

Maq AZ Distance From

40
105
120

59.0'
63.0
96.0

Benchmark
"
n
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Windy Flat (#62)
Study Section: III
River Mile: 65.7
Date: 8/31/83

Benchmark = Fencepost on right bank at base of large
tree near old snag.

Hub Maq AZ Distance From

1 196 100.0' Benchmark

FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Oak Springs (X92)
Study Section: III
River Mile:
Date:

Benchmark =

Hub

1
2
3

47.5
10/28/83

Fencepost on right bank.

Mag AZ Distance

146 179.0'
156 85.5'
206 46.2'

From

Benchmark
n

"
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Cedar Island (#lO4)
Study Section: IV
River Mile: 31.2
Date: 9/08/83

Benchmark = Fencepost at head of island at the base
of a large red alder.

Hub A ZMaq Distance From

1 294 314'
2 284 178'
3 280 136'

Benchmark
n
"

FREEZE CORE SAMPLING
Benchmark, Pivot and Survey hub Locations

Station: Fall Canyon N. (#123A)
Study Section: IV
River Mile: 10.2
Date: 10/14/83

Benchmark = Fencepost on right bank above maximum
high water mark.

Hub           Mag Az             Distance          From

1 176 160'
2 210 164'
3 240 220'

Benchmark
"
"
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Jackson (#501)
Study Section:
River Mile: 49.8
Date: 7/18/84

Benchmark = Fencepost on right side channel at base
of large tree almost directly across from
Jackson's fence

Hub AZMaq Distance From

1 34 36' 0" Benchmark
2 46 57' 7" n
3 73 42' 0" II
4 74 57' 5" n
5 57 97' 0" n
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Disney (#504)
Study Section: I
River Mile: 98.9
Date: 7/16/84

Benchmark = Fencepost marked ,IT" on air photo: old
OSGC fencepost near head of island on
side channel side

Hub Mag AZ Distance From

1 244 40' 3" Benchmark
2 104 35' 3" #I

3 74 49' 7" n

4 90 62' 4" n

5 98 72' 0" n
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Paxton (#508A)
Study Section: I
River Mile: 98.0
Date: 8/01/84

Benchmark = Fencepost on riverbank near large
streamside rock on right bank.

Hub Mag AZ Distance From

Pivot 230 152' 0"
1 155 21' 8"
2 110 20' 0"
3 92 30' on
4 58 46' 0"
5 38 34' 5"

Benchmark
Pivot

n
n

II
n
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Morrison's (11-5)
Study Section: II
River Mile: 96.4
Date: 7/31/84

Benchmark: Base of fifth (from upstream end) red
alder in row lining the river bank at the
station

Hub Maq Az Distance From

Pivot 48 111' 6"
1 252 114' 0"
2 244 52' 3"
3 167 20' 5"
4 108 73' 7"
5 100 114' 9"

Benchmark
Pivot

II
II
II
II
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Dry Creek (#10)
Study Section: II
River Mile: 94.2
Date: 7/19/84

Benchmark = Fencepost at base of right bank red alder
across side channel from campground

Hub Maq Az Distance From

1 271 160' 0" Benchmark
2 267 126' 8" n

3 278 95' 0" ml
4 321 36' 9" II
5 23 71' 5" n
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F R E E Z E  C O R E  S A M P L I N G
Benchmark, Pivot and Survey Hub Locations

Station: Below Trout Creek Rapids (#615)
Study Section: II
River Mile: 86.7
Date: 7/26/84

Benchmark: Base of largest right bank alder

Hub Maq Az Distance From

Pivot 0 55' 5" Benchmark
1 200 45' 3" Pivot
2 213 32' 5" n

3 162 26' 2" n
4 109 29' 6" I#
5 53 72' 4" n
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Rim Rock Chateau (#58A)
Study Section: III
River Mile: 69.2
Date: 7/24/84

Benchmark = Fencepost at base of small "Tree of
Heaven" on right bank

Hub Maq Az Distance From

Pivot 228 59' 2"
1 95 65' 2"
2 99 53' 4"
3 36 31' 5"
4 4 42' 0"
5 342 62' 0"

Benchmark
Pivot

II
II
II
II
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Mouth of Eagle Creek (#630)
Study Section: III
River Mile: 64.5
Date: 8/09/84

Primary Benchmark = Large Ponderosa Pine on left bank
Secondary Benchmark = "No Trespassing" sign on left

bank.

Hub Maq Az Distance From

Pivot
II
1
2
3
4
5

24 170' 0" Primary Benchmark
34 28' 9" Secondary Benchmark

110 19' 9" Pivot
33 12' 0" II

352 19' 6" II
344 27' 2" II
339 40' 0" II
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Palmer's (#73)
Study Section: III
River Mile: 61.8
Date: 8/02/84

Benchmark = Fencepost on small island at downriver
end of gravel bar

Reference Points for Benchmark (magnetic azimuths):
Q =  229 degrees; to large rock at

tail of island upstream.
R =  103 degrees; to upstream end of

trees on East bank.
s = 198 degrees; to power pole

w/transformers on east bank.
T =  334 degrees:

on west bank.
to large rock knob

Hub Maq Az Distance From

210 247' 0" Benchmark
208 212' 0" "
200 174' 0" "
190 138' 0" II
220 138' 0" "
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Trestle ( #  95)
Study Section: IV
River Mile: 41.0
Date: 8/15/84

Benchmark = Fencepost at base of dead left bank red
alder

Hub Mag Az Distance From

1 336 45' 10" Benchmark
2 6 69' 0" II
3 344 56' 0" II

4 326 45' 6" II
5 318 36' 6" II
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Aney (#106)
Study Section: IV
River Mile: 28.5
Date: 8/08/84

Benchmark = Fencepost in angular rock above but near
high water line on left bank. Fencepost
is positioned at the base of a large red
alder.

Hub Mag Az            Distance         From

146 41' 9"
112 29' 1"
102 42' 9"
94 38' 0"
70 42' 6"

Benchmark
"
I I

II
"
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: Mack's Canyon (#109B)
Study Section: IV
River Mile: 23.9
Date: 8/14/84

Benchmark = Fencepost at base of 5 year old red alder
near head of island.

Hub Maq Az Distance From

Pivot 352 75' 9"
1 240 31' 6"
2 244 44' 4"
3 204 34' 8"
4 130 82' 6"
5 132 152' 1"

Benchmark
Pivot

II
I I

"
I I
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FREEZE CORE SAMPLING
Benchmark, Pivot and Survey Hub Locations

Station: X-Dike Siding (#113)
Study Section: IV
River Mile: 21.9
Date: 8/24/84

Benchmark = Right bank; behind row of streamside red
alders

Hub Mag Az Distance From

Pivot 80 46' 11"
1 110 27' 6"
2 83 25' 9"
3 75 17' 0"
4 17 30' 7"
5 31 32' 7"

Benchmark
Pivot

I I

I I

I I

n
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APPENDIX VI

SAMPLE POINT LOCATIONS FOR GRAVEL COMPOSITION

SAMPLING, LOWER DESCHUTES RIVER, OREGON 1983 -

1984.



This appendix contains information on the exact locations

of points sampled for gravel composition at each sampling

station in the lower Deschutes River, Oregon, 1983-84.
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FREEZE CORE SAMPLINQ
S t u d y  Soction  II

Strti  on:
River  Milo:
Drto:

Morr ison ’s  (YI 1-S)
96.4
10/04/83

Brmal,

Sur v*y
Hub

li)L-

Di rtanco A2 i muth
from from
Hub Hub

CELL L!prsd

1
2
3
4
5
6
7
8
9

10

1
1
1
2
2
2
2
3
3
3

7.3
9.7
8.0
9.0
6.0
3.0

10.0
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13.5

Wat  w
Depth
1Efal

103 1.3
60 1.0
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S t a t i o n : Whimkov Dick
River fir lo: 77.3
Datm: lo/OS/e3

1 1 5.0 330 1.s
2 1 3.3 100 1.6
3 1 5.0 20 1.5
4 2 6.0 260 1.2
5 2 5.0 190 1.6
6 2 7.7 100 1.4
7 3 4.3 44 1.6
8 3 5.5 250 1.4
9 3 4.7 130 1.2

10 3 6.0 15 1.5

sur  voy

Atr;“-

(W47)

Di st rnco Atitnuth
from from
Hub Hub

IELL .h!#iLL

FREEZE CORE SAMPLINQ
Study Sect ion I I I

water
Depth
.!Efrl

Watmr
Voloci ty
.mtrl BB!Brrk
2.6
2.7
3.0
2.2
2.0
3.1
2.9
2.7
2.4
2.7
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Station: Cadrr I s l a n d  (0104)
River Mi lo: 31.2
Data: 9/00/83

Sai!!eAr

Sur voy
Hub

ML-

Di l tancr
from
Hub

1ELL

1 1 8.0
2 1 9.0
3 1 21.0
4 1 16.0
5 2 19.0
6 2 26.0
7 2 14.0
8 3 8.0
9 3 14.0

10 3 25.0

FREEZE CORE SAHPLINB
Study Sactron  IV

Azimuth
from
Hub

ALwlrl

220
260
9s
610
86

12s
IS

310
148
128

Watw
Depth
1EL.L

Water
V e l o c i t y
IfPSL !?,!mrb
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S t a t i o n : Jackson (#SO1 1
River Mi lo: 99 .9
Date: 7118184

Survey
Hub

SM!PA!l ML,

1 1
2 1
3 1
4 2
S 2
6 2
7 3
9 3
9 3

10 4
11 4
12 4
13 S
14 S
1s S

ElaA!L!!m~~

Distance A2 1 muth
from from
Hub Hub
JELL- .h*!ad

Or l v*l
Cl am
III=IYL

Water
Depth
_(Eid

2’ 10” 60 I/II 0 . 9
11’7” 44 I I 0 . 8
17’S” 281 I I / I I I 0 . 8
4 ’ 4 ” 20 I I 0 . 6
3’6” 178 I I 0 . 7
7’ 10” 220 II/III 0 . 3
S’ 3” 318 I I 0 . 5
6’ 0” 358 II 0.8
6’ 9” 108 I 0 . 3
3’0” 260 I I 0. s
5’0” 70 11 0 . 3
6’ 3” 23 I 0 . 3
5’0” 198 I I 0 . 8
3’6” 284 II 0 . 9
5’0” 23 I I 0 . 7

FREEZE CORE SAMPLING
Study Section 1

Water
Velocity
m2rl

2 . 5
2 . 3
1.7
3 . 7
2 . 8

1 . 0

.7

1.5
2 . 3
1.9

Brssr4

bl9 r o c k  9 11-12”
ha rd  to  oxtract - s l im
hard to antract - l lim
w e l l  umad area
II ”
II II
ml im 8rmplo
very s1 in
in o l d  rmdd
rodd pockotr

,I
II

vary 8of t
II
II

1.
2.

3 .

This station  im heavily u s e d  b y  t r o u t .
Thmro am a rubmtantlrl  q u a n t i t y  o f  o r g a n i z e  material  i n  thm ramplom  f r o m  thi8 s tat ion . M8ny
ramplam  hrvo a  r ich  “oarthy” sm.1 1 to them when extracted.
6311 of the samples  taken  from this rtation  werm  extracted from gravmlr  which l ppaarrd tohrvo
boon disturbed  by spawners this yarr. Tharr was n o  altrrnrtiva  t o  ormpling  disturbed  qravol
hot-e to  cau80 all gravel of a site ruitablm for  t rout  spawning had boon util ized by spawners.
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FREEZE CORE SCIMPLINO
Study Section I

Station: Paxton  (YSOSA)
Rrvrr  Mile: 98.0
Date: e/o1 /e4

SW voy
Hub

SlrnP1~ 13’ ---

1 1
2 1
3 1
4 2
5 2
6 2
7 3
8 3
9 3

10 4
11 4
12 4
13 5
14 5
15 5

Di l tance c1z i muth
from from
Hub Hub

IELL 1mgd

12’ Cl” 240
6’0” 4
3 ’ 5 ” 173
4’2” 210
7’9” 12
4’0” 72
2’6” 260
3’ 8” 352
4’0” 76
4’6” lS8
7’6” 190
6’ 2” 52
5’ 6” 240
4’2” 10
4’6” 156

Qrav*l
CI asm
Al%!1

I I
II/III
II
I I / I I I
I I
I I
I I
I I
I I
I I
I I / I I I
I I / I I I
I I
I I / I I I
I I

Watrr Water
Depth vo1ocity
EfrL ml,L

1.9 1.0 usable  h a b i t a t ,  d i f f .  d r .
1 .5 1.6 roddl m o d .  driving
1.2 1.3 roddl rary d r i v i n g
1.5 1.3 usabl  of heavy  f i nos/om2
1.s 1.7 rmddl
1.1 1.1 mound heavy
1.5 1.3 roddl masy d r i v i n g
1.5 2.5 umablo  habitat - workmd
1.0 1.7 mound
1.7 1.9 usable h a b i t a t ;  s o f t
1.5 1.6 dunm; l of t
1.6 2.1 dunm; s o f t
1.7 1.3 mound; soft
1.3 1.4 dunm; r o f  t
1.6 1.S mound; l oftl f ino ergs.

Bmsclr

1.
2.
3.
4.

S.

6.

Vogmtation  encroaching  o n  b a r  (0.9. Cmratophylluml
Organic6 in a fmw l amples wore “smelly” and in one case l mmociatmd with 8 numbrr  of doad eggm.
Thir bar is protected by a bend in the river and is ‘not l smociatod with a side channel.
Gravel here is quite loore and ir rof  t  in  armam whmro the voloci  ty  and depth tend to be
g r e a t e r  (eg PP41 (marid)?
Clppmars  to  bo used extensively  by spawning stamlhoad and rodsides  in  the aream of  omrl lor
gravel toward the r iqht  bank.
Gravel seems very pcrmmable.

509



PPa,
PPaa ’

papunow

PP.J
Pwqr-/PPwJ

PP-
punow

PPm,
punow
punow
PP8J

l 1 vd ppoA/punow
l ltd PP~J

l tld pp.-, l 6v
mpUl3OW lJaM3.q ‘qWl( OlqWSn

9’1
6’0
6’0
S’O

6’0
6’0

9’0II09
9’0IfOS
L ‘0IItrSZ
6’0IIZtt
s ‘0II9s
2’0II902
9’0XIeoz
9’0IIOtt
t l oIIoss
9’0IItet
S’S)II9t
6’0IXC9Z
s-0II9L
4’0IItt
W. b III99z

Sst
Stt
Sst
bzt
*tt
b01
S6
S8
SL
Z9
ZS
Zt
tS
tz
tt

t?Q/ IS/L:eJrU
l7.96:tBl !W Jab ly

(S-11) l ,UOCrAAOW:uorqr~S

11 uot~>sS ApnaS
C3NIldWWS 3YO3 3233kij



FREEZE CORE SAMPLING
Study Sect  Ion I I

Station: Dry  Crmolr 010)
River Mile: 94.2
Data: 7119184

S4!Eel,

1
2
3
4
3
6
7
8
9

10
11
12
13
14
1s

Sur vmy
Hub

ML,,

1
1
1
2
2
3
2
3
3
4
4
4
S
5
S

Distance
from
Hub

1EL1,

5’ 6”
7’8”
6’0”
6’ 0”
6’ 0”
6’0”
7’0”
6’0”
6’ 0”
S’(J”
6’ 0”
5’ 0”
6p 6”
0’6”

11’9”

clz i muth
from
Hub

1Q!4!arl

Qr l vel
Class
llzlYL

2% I I / I I I
332 I I
110 I I
262 I I
351 I I
344 I I
160 I I
133 I I
262 I I

60 II/III
290 I I
230 I I
260 I I

50 XI
94 I I

Water
Depth
IELL

13
0:;
1 . cJ
1 -
1:;
0.8
1.1
0.7
0.8
1.5
1.0
1.4
0.9
0.8
1.3

Water
Vmloci  ty
marl

0.7
0.4
1.3
0.e
0.6
1 -I
1:;
1.2
0.7
1.3
1.7
2.1
1.5
2.5
2.0

n o t  mounded
moundmd (eyed  81 dead l qqm)
l dgm of mounded area
edqo o f  mound  (mand B C)
l dqe of mound (mand 8 6” 1
r oundod
rounded arma, l yod l gqm
rounded l qqm 8 “B”
rounded B few l yod 099s
f lat not dug
edqe mound
duq no mound

1.

2.
3.

4.
3.

Dmpremmionm  l o f t  when cores  are romovod  aro f u l l  o f  s a n d  a t  survey  hubs  1  and  2  - loam sand  in
extraction  holom a t  hub% 3 ,  4 ,  a n d  5 .
Fair numborm  of rmdmidam were meen at the statron over  spawning gravel prior to l amplinq.
This  gravel bar  is heavi ly  used by spawning trout .
in moundm.

Moot of the gravel hrro ham bmrn workmd up

Gravel hero generally  finrr than Q l trtionm SO1 and 504. No chinook spawning  gravels.
Gravrl  a t  th is  s tat ion  i s  relatively sha l low,  ofton w i t h  a mub-
mhal low am 6” bonerth the l urf ace.

1 l yer of sand proaent  am
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Station: Rim Rock Chateau (4D5Sfi)
River  Mile:  6 9 . 2
Date: 7124184

FREEZE CORE SAHPLING
Study Sect ion III

SMl!alr

1
2
3

4
5
6
7
8
9

10
11
12
13
14
15

Survey
Hub

(lb)---es

1
1
1

Distance At 1 muth
from from
Hub Hub

i!%L- l!l!LOIL

4’6” 250
4’e” 346
6’6” 156

2 2’0” 208
2 4’G” 274
2 2’6” 0
3 5 ’ 6 ” 116
3 S ’S” 292
3 7’0” 349
4 3’ 7” 100
4 4’0” 260
4 6’ 5” 320
5 S’,” 194
5 4’0” 260
5 4’6” 324

Or l vel Wat or Water
Cl ass Depth velocity
AKZKYL XL1 mMl

1 1
II
II

II/IlI
I I / I I I
II/III
II
II
II
IX
IX
II
II/III
11
IX

0.1.0 . 2.u. 3

0 .2
u. ?
0.3
1.0
1.2
0.6
1.1
0.9
0.0
1.0
0.0
1.0

1.s
1.7
1.9
0.5
1.2
2.3
1 .2
2. 4
2.4

Rracrk

worked by fish, Judging
from appearance. Heavy
f i n e s  b e l o w  “A” i n  1+2.
gravel not br rqht.
usable habr tat
worked, n o t  rmdd
umable  h a b i t a t
uaablo h a b i t a t
appears  worked
appears worked
bet ween “waves”
top “wave”
top "wave"
fair ly good sort ing but
could, be due to H10.
Recant  f ish use very
po88iblo  but uncertain.

Most l ortod qravrl seams worked by f imh.-
2. Gravel easy to drive freeze core tub.8 into at momt pointm.
3. Station sosms well used by fish.
4.

s.

6 .

7.
8.
9.

10.

11.

Gravel site both incrmraoc  and decrrraam  with depth, depending upon the locationi predicting
subsurf ace qua1 1 ty very di f f i cul t.
Path steelhead and resident trout were known to ume this mite in the 1960’0. Our redd l urveym
indicated that both l teelhead and redmidos  still epawn  here. Many redmidem were seen on thr
gravel bar in June.
Finer  gravel sitm in th is  area  because the river f low is def lected by a  rocky point  jumt
upstream.
This  is a relatively small  gravel bar .
Extenaive over hanging vegetation makes thim  a vsry demirablo spawning area.
Frozen corem extracted f rom this  stat ion were robumt except  for  the last three which were
taken from l omewhat “ t i g h t ”  grave l  drOUnd  ppS. The material at pp5 warn loose near the surface
but compacted in the “8” and “C” hori tona.
Sampling l ubmurface gravel8 often l howm why points on a particular bar that look suitable for
l pawner use are not used by f iah. Many points on some Demchutom River harm have shallow
gravels and have gravel compomitionm which change dramatically with depth.
No eggs wore seen rn any of the freeze core l ample8 taken at Station OS9A.
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FREEZE CORE SCIMPLIN~
Stud y Section IV

S t a t i o n : Pal mer ’ l ( 075)
River Hi le: 61.0
Date: 8102184

sur voy
Hub

Samla .ML,,

1 1
2 1
3 1
4 2
5 2
6 2
7 3
0 3
9 3

10 4
11 4
I2 4
13 5
14 s
1s 5

Dt stance
from
Hub
AELL

5’ 0”
9’0”
0’ 10”
6’S”
6’ 10”
6’0”
3’ 7”
9’ e”
6’0”
7’4”
5’ 6”
4*6”
6’ 0”
5’8”
7’ 7”

Azrmuth
from
Hub

1QLQrl

Wave1
Cl as8
I(kI!?!L

106 I I 1.e 2.5
300 I I 1.2 3.6
332 II 1.0 3.8
132 I I 1.0 3.3
235 I I 1.8 3.7

10 I I 0.7 3.7
224 I I 1.4 2.5

30 I I 1.4 2.2
104 I I 1.6 2.3
154 11 1.7 1.9
268 I I 1.3 2.4
340 I/II,111 1.4 2.3
162 I I 0.8 2.4
308 II/I 0.s 1.9

30 II 1.0 2.4

Water Water
Depth velocity
.iEfd m2al Emrrk

slim sample “A”, hi v l cour
sl im l ample “A”, hi v sear
slim l ample “&I’, hr v scour
good corem
good cores
good cores
l ngul l r rock
l ngul l r rock
l ngul l r rock
very ml im 90 deg. angle

near or behind
regul ar mounds

Gravel l omewhat angular and we1 1 worked by f ieh.
Current velocities over this grovel bar may be lower at high flow due to an overflow channel
t o  t h e  l e f t  b a n k  s i d e  o f  r o c k y  island just u p r i v e r  f r o m  t h e  qrrvel b a r .
Nearly all gravel on bar l ppearm to have been worked by steelhead and/or redsides  this past
winter and l pring. Thre bar is a mayor l pawning area for fish this far downstream from the
reregul at i on dam.
To sample bar, put boat in just above the Gatekeeper’s hay corral and pull the boat out just
above the Gatekeeper’s qarden.
Some of the smaller gravel and pebbles on this bar migrate as soon am the bar’s l urface is
di l turbed.

1.
2.

3.

4.

5.
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S t r t r o n : Clney  N106 (0106)
River  Mi la: 28.5
Date: 8/W/84

§W!PlS

1
2
3
4
5
6
7
8
9

10
11
12
13
14
IS

Survey
Hub

9!L,,

1
1
1
2
2
2
3
3
3
4
4
4
5
5
Y

Distance
from
Hub

1EhrL

6’0”
6’ 0”
6’8”
4 ’ I:, ”
2’0”
3’ 7”
2’ 10”
4’0”
4’2”
4’ f3”
4’6”
2’ 9”
7.0”
3’3”
3’ 11”

AZ i muth
from
Hub

lQdQ*.  1.

Qravel
Cl l mm
.!drlYl

Water
Depth
iELL

196 I I 2.1
302 11 2.1

46 I I 1.8
238 II 1.9
314 II 2. 0

92 II 1.7
234 I I 1.S
34s II 1.5

94 I I 1.s
200 I I 1.6
304 11 1.6

88 II 1.5
2.10 I f 1.6
354 II 1.3

80 I1 1 .2

FREEZE CORE SAHPLINQ
Study Section IV

1. bar ham moderate l orting and lots of l and.
2.
3.

4.
S.

6.

7.
a.

9.

Water
Velocity
Ifed

1.1
2.3
0.7
2. 4
1.7
1 T
1:;:
1.9
2.4
1.9
2.9
1.1
2. 2
2.5
2.0

imJrrb

all usable hmbi tat patches
prtchem of I 1-d-i nant
material l ampled.
6, 0,
u II

c\ few pointm on the bar have the vague appearance of old and flattened out reddm.
Velocity good at prement  flowm. Oravel l i te l uggemtm that the i l land, etc. buffer the bar
rqainmt  large increames in a current velocity am drmcharge  increamem.
Driving freeze core tubes rnto the bottoms warn generally easy.
Momt of bar im II or III dominant rock. Cl ass I 

c l a m s  I I  and  a  l i t t l e  Clrmm IV  .
Heavy l and friction  and an apparently low m11t fraction could suggest good fish urn8 and
removal of the finest material.
Gravel im loome.
Perhapm the mandm contributed to the Deschutes by White River tend to mettle out in the upper
reachem of l ectlon IV while the milts mettle out primarily in the river’s lowest reachem.
Thim might  explain  apparent ly  l imited milt, clay fractronm at l tation 106 and the mtrongly
compacted nature of a number of bars further downri ver (8.r).  Fall Canyon Wemt 1.
Thim mtatlon  im below Rattlesnake Canyon and im on the Inmide of a bend at the head of a l mall
qravel bar 1m1 and.
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APPENDIX VII

SURFACE AREA, USABILITY, AND SURFACE GRAVEL

COMPOSITION OF GRAVEL BARS IN THE LOWER DESCHUTES

RIVER, OREGON, 1983 - 1984.



This appendix contains gravel survey forms completed during

the inventory of spawning gravel in the lower Deschutes

River, Oregon which was conducted from August 1983 through

November 1984.
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CODES FOR SPANNING GRAVEL SURVEY FORMS

1. Data Code
0 - new habitat
l- additional,

2 '-
quantified

associated habitat not previously

new surface area figures with other adjustments
for previously quantified gravel bar

3- more precise breakdown of habitat at this gravel
bar than previously recorded.

4- gravel composition adjustment for gravel bar.

2. Location Code
l- side channel
2- tail of island
3- side of island
4- head and side of island
5- head of island
6- main channel against bank (protected)
7 - main channel against bank (exposed)
8- mid channel tail out
9 - mid channel glide or riffle

3. Spawner Use Code (two digits, chinook code followed
steelhead code)
0 - use uncertain
l- dunes (use uncertain)
2- use verified
3- use suspected
8- habitat between dunes
9 - no use suspected

bY

4. Gravel Quality Code (two digits, chinook code followed
by steelhead code)
l- excellent
2- good
3- good/fair
4- fair (gravel could be used by spawners with a

reasonable chance for egg survival)
5- fair/poor (use of gravel unlikely)
6- poor (use of gravel very unlikely)
7 - absolutely unusable gravel or no substrate of

appropriate size

5. Gravel Usability Code (percentage for chinook then
percentage for steelhead; six digits total)
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6. Gravel Limitations Code (five digit code, one for
each of five factors)

Factor
Limitations

none slight moderate severe

Depth/velocity/position 0 1 2 3
Sedimentation/embeddedness 0 1 2 3
Compaction/angularity 0 1 2 3
Vegetation 0 1 2 3
Armoring 0 1 2 3

523







“R&URES:  Wok gram1 caprctaorr, ocouronoo  of aquatic  vegrtatloo,  l ridmce of proriour  apawning, uabr  vwlocitles,
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3?0°- - -

33%
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mutt  clAss!st  0,I fey thn t” IUF. (ollt a n d  r u d )

A \ a  A . , - - -  ----*  \* - , WV a t&&Y.  \aulu fprnV8.L] 1’1 - 0 ’
II - 1" to 3' &am. (wdiw grarwl)

to 10”  dlu.  \cobblrrJ

v - oter 10" dlu.  (rubble and boulders)
btlaatw  pwrcwnt  of total gram1  bar arm in which  each grarol clur prod&ah.

?tmARxsI  Wok  gratal  CcmpactJmB,  oc0ur.D0.  of rqurtic  vegrtation,  l rldence of provkw  #-ha, wat8r  mlocities,
l t&., if pwrtilmnt.
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%W!9. ClAS!ES:  0 - less than im dim. (atit and rmd)- , I
1 - 1 tc 1" dim.  (fins gravel)

II - 1" to 3" dipa.  (mediam gravel)
IV - 6’1 to 10" dim. ‘(cobble;) --'
V - over 10" dim. (rubble md boulders)

Euthate  percent of total grrm1  bar aro~ in which each gravel clam prrdom.inabr.

9iEWRat  bta grrrsl  caRprctners,
Ott?., i f  pertinent.

ocouronoo of oquatlc  vegetation, l ridence of preriour  spmmlng, water mlocities,
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ti6timab pereont  of total qrrrl  b u uaa in which oath qwal cl”:pr.darln.tam.

?WAJUZh Wok gratal capa&iw~~, oaourmoo oi rquatlo vrgotrtioa,  l ridoneo of proriour  rmly, ntw mlocitlos,
@to., lf par-t.
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IV - 6” to 10” dim. (cobbl.or)----’

v - OTW  10” dim. (mbblm  and bouldorr)
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HutuRCS~  Mot4  grrv81 cmpaotnarr,  ooour0n00  of aquatic v0grtdha,  l ridoncr of predour  rpmiq, mtar  volocftlos,
da., if part&mat.
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HREuAR51  Nota prrrl copmtnerr,
l tC., if pertirunt.

ooouronoo  of rqurtlc vegotatioa,  l rJdmcr of pnriour  opawnine,  rnbr  rslociti-,
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APPENDIX VIII

SELECTED PHOTOGRAPhS OF VEGETATIVE ENCROACHMENT OR

SLDIMENTAY'ION A?' GRAVEL BARS IN THE; DESCHUTES

RIVER, OREGON.



This appendix contains photographs of sedimentation or

vegetative encroachment at gravel bars in the Deschutes

River, Oregon. The photos were taken by Buell & Associates

personnel during the 1983 and 1984 sampling seasons.
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The upper left portion of this photo
shows rooted emergent vegetation encroch-
in upon a side channel in Study Section I.
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The> small grassy island in this photo of
the head of n side channel in Study Section
II is the remnant of a large silt bar deposited
by the 1964 flood.
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Cnttiiils encroaching on the Deschutes
River channel in Study Section TI.



-



This small island in Study Section III was once
a ,gravcl bar identified by the Oregon State Game
Commission as a spawning rtrert used by salmonid
tlllt-ing the mid-1960's.
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Dc;)osits of sand and silt tloirnstream from boulders
in ;I tiel)osition:tl reach of the Deschutes River in
St udy SCction J‘I. q



APPENDIX IX

OSGC METHODOLOGY USED TO ESTIMATE USABLE SPAWNING

GRAVEL AREA IN THE LOWER DESCHUTES RIVER, OREGON



The following algorithm summarizes the method used by the

OSGC to estimate the surface area of usable spawning gravel

present in Study Sections II, III and IV during the

baseline study.

(1) Five one-mile reaches of the Deschutes River were

inventoried for spawning gravel after the 1964 flood.

(2) During the inventory, a total of 25 gravel bars were

counted in the five one-mile reaches.

(3) During the entire OSGC study, 38 gravel bars were

identified in these same five one-mile reaches.

(4) T h e exact location of the five one-mile reaches is no

longer known.
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(5) "Usable spawning gravel" was defined as greater than

0.5 feet in water depth and had particle diameters

"between 1/4 and 6-inch dominant." "Dominant" in this

case means "dominating the size composition of surface

gravels." According to the ODFW gravel classification

scheme, this would include class I, class II and class

III gravel.

(6) The surface area of usable spawning gravel in the

"typical" or "average" spawning bar in the Deschutes

River was calculated as the average of that present at

the 25 gravel bars in (2).

(7) The mean surface area of usable spawning gravel found

at the hypothetical "average" Deschutes River spawning

bar was calculated to be approximately 4.050 square

feet.

(8) Once the "average" spawning gravel bar in the Deschutes

was defined, the area of usable spawning gravel in each

Study Section was extrapolated using a mathematical

expans ion  based  on  the  number  of  grave l  bars  thought  to

be present in each Section.
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(9) The equation used for the mathematical expansion of

"usable spawning gravel" from the hypothetical

"average" bar to a particular Study Section was:

Ni = (25/38) (4,050 ft2) ni

where,

Ni = estimated "usable spawning gravel" for

Study Section "i"

n  =1 number of gravel bars identified or

located in Study Section "i" during

the course of the ODFW baseline study.

(10) The "25/38" factor in (9)represents the proportion of

all gravel bars in the five one-mile reaches after the

1964 flood that were found during the gravel inventory

(see (2) and (3)). The factor accounts for the fact

that not all of the gravel bars seen in a particular

reach were present at any one particular time. During

the OSGC Study new bars were formed and old ones

disappeared. The "25/38" factor accounts for events

like the 1964 flood.
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(11) During the OSGC Study 79 gravel bars were identified

in Study Section II, 124 in Section III, and 83 in

Section IV.

(12) The "usable gravel area" calculations made for the

lower three Study Sections were:

Section II NII = NII = (25/38) (4,050) (79) = 210,493 =

211,000sqft

Section III NIII= (25/38) (4,050) (124)= 330,395 =

331,000sqft

Section IV NIV = (25/38) (4,050) (83) = 221,151 =

221,000sqft
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APPENDIX X

COMPARISON5 OF HISTORICAL AND RECENT DATA ON THE

AMOUNT OF SALMONID SPAWNING GRAVEL PRESENT IN THE

LOWER DESCHUTES RIVER, OREGON.



This appendix contains two tables which summarize

compilations which were made of historical OSGC field data

on the approximate surface areas of gravel deposits in the

lower Deschutes River, Oregon. Table X-l contrasts the

results of a compilation of the OSGC data based on

subreaches of the river with similarly compiled results of

the gravel inventory conducted in 1983 and 1984. Table X-2

compares historical estimates of the surface area of

individual spawning gravel bars to current (1983-1984)

estimates of the amount of spawning gravel at the same

locations.
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Table X-l. Estimates of the surface area (in square feet)
of gravel suitable for use by spawning salmonidsa in the
lower Deschutes River based upon field data collected by
the OSGC in the mid-1960's and upon the spawning gravel
inventory conducted during this study (1983-1984)

Study
Section Reach

II Shitike Cr.-Trout
Cr. (RM 96.8-
87.2)

Trout Cr-Warm Spr.
River (RM 87.2-
83.8)

III Warm Spr. River-
Whitehorse Rapids
(RM 83.8-76.0)

Whitehorse Rapids-
Eagle Creek
(RM 76.0-64.5)

Eagle Creek- Nena
Creek (RM 64.5-
57.8)

a l/4 - 10" diameter materials dominant

OSGC Field Data

1961-64 1965

This
Study
1983-84

723,000 508,000 362,000

446,000 216,000 184,000

155,000 382,000 81,000

512,000 172,000 126,000

306,000 142,000 52,000
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Table X-2. Comparisons between OSGC field data on the
surface area of spawning gravel present at specific
Deschutes River locations before (1961-64) and after
(1965-66 )thh e 1964 flood, and with current estimates of the
surface area of suitable spawning gravel present at these
locations.

SURE'ACE AREA (sq ft)

Bar
Section Number RM

II

III

I V

4 95.6
5 95.5
8 94.9
9 94.5

1OA 94 .o
11 93.2
15 91.0
16 90.5
19 88.5
26 86.8

37 82.1 40,600* 20,000* 10,950
43 80.4 25,800* 15,000* 0
49 76.5 4,400* 10,000* 2,774
50 74.9 6,600* 2,500* 0
52C 72.9 29,500* 2,000* 0
54 71.7 11,800* 440* 100
58A 69.4 4,240* 1,100* 8,222
68 64.5 4,400* 700* 0
69 64.1 5,900* 1,250* 0
73 61.7 92,300* 110,700* 27,332
75 60.3 29,500* 400* 420
78 58.6 18,500* 22,500* 0

103 31.7 8,200* 2,200*
104 31.3 196,800* 103,300*
105B 28.8 131,200* 5,535*
106A 28.2 12,300* 16,400*
106B 28.1 28,700* 1,700*
122 10.4 13,200* 4,400*

OSGC
Pre-Flood
(1961-64)
27,700*
110,700*
33,200*
4,400*

13,600*
7,400*

14,800*
33,200*
18,200*
3,700*

Post-Flood
(1965-66)
30,000*
7,400*

36,900*
9,100*

29,500*
29,500*
15,000*
15,000"
7,400*
2,100*

Buell &
Assoc.
(1983-84)

500
2,880

26,460
6,740
3,240
1,458
3,899
8,155
4,282
4,282

40,39;
0

3,939
2,525
3,780

* The OSGC data presented here may be inaccurate
because they were generally visual approximations
of spawning area and not the result of direct
measurements of gravel bar dimensions.
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APPENDIX XI

SAMPLE POINT LOCATIONS, PREVAILING CONDITIONS, AND

GRAVEL PERMEABILITY DATA FOR 23 STATIONS SAMPLED

IN THE DESCHUTES RIVER, OREGON IN FALL 1983.



.

This appendix contains data collected when sampling gravel

permeability in the lower Deschutes River, Oregon during

1983.
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COLUMN DEFINITIONS FOR GRAVEL PERMEABILITY DATA

1. Station Code (5 digits)
1 Study Section
2-5 Station

2. Station (3 digits)
l-3 Station

3. Date (6 digits)
l-2 year
3-4 month
5-6 day

4. Temperature (3 digits)
l-3 water temperature

10 x Oc

5. Discharge (4 digits)
l-4 CE'S

6. Sample (2 digits)
l-2 sample number

7. Depth (3 columns)
l-3 water depth

to 0.1 ft.

8.

9.

10

1 1

.

II.

Inflow (4 columns)
l-4 inflow to 0.1 ml/sec.

Uncorrected Perm. (5 dig.)
l-5 perm. in cm/hr

Corrected Perm. (5 dia.)
l-5 perm. calibrated

to 1ooc

Remarks (3 digits)
1 in redd (2); redd in

dune (3); dune (4)
2 no slurp (1); no

slurp and turbid (2);
turbid (3)

3 next to veg. (1); in
veg (2); high vel.
(8) ; subsurface
mud lens (9)

12. Location (9 columns)
l-9 sample location =

distance,
magnetic azith,
origin
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20100 013
2OlOO 010
20100 010
23133 010
20133 010
2 0 1 0 0  010
20103 310
23733 010
20103 010
2OlOO 010
2OlOO 010
20100 013
2OlOO 310
20100 010
20100 010
20100 010
20100 010
20100 010
20100 010
20100 010
20700 010
20130 OlO
20100 010
20100 010
20100 010
20100 010
20100 010
20100 010
20100 010
20100 010
20100 010
20100 010
20100 010
20100 010
20190 014
20190 019
20190 019
20150 319
20190 019
20190 019
20190 013
213190 019
20150 019
2O14O 019
201Y3 019
20190 019
20130 OlY
20190 014
23190 013
20190 OlY
20130 013
20190 019
2JlYO 014
20190 OlY
2OlY3 OlY
20193 019
23133 '319

2
2 z-=fc 2E-zc; 2b E =:

2 b E
631022 115 3350
631322 115 3950
631022 115 3950
631322 115 3950
6 3 1 0 2 2  1 1 5  3 0 5 0
631022 115 3950
631322 115 3950
6310222 115 3950
631022 115 3953
631022 115 3950
631322 115 3950
631022 115 3950
631022 175 3950
631022 115 3950
631022 115 395O
631322 115 3950
631022 115 3350
631022 115 3950
631022 115 3950
631322 115 3950
631022 115 3950
631022 115 3950
631022 115 3950
631O22 115 3953
613324 130 3150
640924 130 3150
640924 130 3150
640924 133 3150
640924 130 3150
640924 130 3150
640924 130 3150
640924 130 3150
643424 130 3150
640924 130 3150
631022 120 3950
631022 120 3950
631022 120 3950
631322 120 3950
631022 120 3950
631022 120 3950
631022 120 3950
631322 120 3950
631022L 123 3950
631022 120 3950
631022 123 3950
631022 120 3450
631022 120 3950
631022 120 3950
641332 135 3200
641302 135 3200
641002 135 3200
641032 135 3200
641002 135 3200
641002 135 3200
641002 135 3233
641002 135 3200
641002 135 3200

1 0.5 0.8
2 1.1 10.3
3 1.4 1.7
4 1.2 0.4
5 0.9 1.3
6 0.9 4.9
7 1.4 1.6
8 0.9 9.8
3 1.3 10.8

13 1.2 7.8
11 0.7 13.0
12 3.9 15.7
13 0.8 5.3
14 0.4 1.9
15 0.5 4.6
16 0.4 0.0
17 0.6 0.0
18 0.8 17.7
19 0.7 1.5
20 0.4 3.0
21 1.8 3.7
22 1.7 6.0
23 1.4 0.0
24 1.6 1.1
10 1.5 11.5
7 0.3 0.0
Y 1.3 22.5
1 1.4 3.0
6 0.3 1.0
d 1.5 0.5

11 1.3 13.0
3 1.8 2.0
5 0.4 1.0
4 1.0 10.0
1 0.9 0.5
2 1.0 27.2
3 1.4 10.6
4 1.8 0.2
5 0.4 9.9
6 0.7 10.4
7 0.5 3.0
8 0.4 0.4
9 0.6 a.4

10 0.4 11.3
11 0.6 2.3
12 0.7 0.2
13 0.5 0.0
14 0.7 1.6
1 0.6 4.0
2 0.0 20.0
3 0.0 14.5
4 3.0 14.0
5 0.0 2.5
0 0.0 0.0
7 0.0 0.0
8 0.0 1.3
9 0.0 8.5

35
900
68
18
35

360
6d

a33
950
640
840
1520
410
100
310

0
0

1760
68
0

18
460

0
35

1010
0

2390
170
35
18

1175
100
50

840
18

3050
890

0
780
795
180
18

685
1010
135

0
0

68
260

2015
1350
1293
148

3

50
685

34
863

65

17
34

345
65

730
911
6 1 4
806
1458
393
96

297
0
0

1688
65
0

17
441

34
923

0
2199
156
32
17

1081
92
46

773
17

2882
841

0
737
751
170
17

647
954
128

0
0

64
236
1830
1226
1171
134

0
0

4 5
622
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L.
z g

5
z -T Cc E <

zr;: ;: 2
c s

25 v)z E
v)

mu 2 b 2

20190 019 bJ1302 133 32GO
20190 019 641002L 135 3200
30470 047 b31111 90 5200
30470 047 631111 90 5200
30470 047 031111 9 0 5200
30470 047 631111 90 5230
30470 ou7 631111 93 5200
30470 047 631111 YO 5230
30470 047 631111 90 5200
30470 347 031111 90 5200
30470 047 631111 90 5200
30479 047 631111 9 0 5233
30470 047 631111 90 5200
30470 047 631111 900 5200
30470 047 631111 90 5200
30470 047 631111 90 5200
30470 047 631111 90 5200
30470 047 631111 90 5200
304700 047 631111 90 5200
30470 047 631111 90 5200
30470 347 631111 90 5200
30470 047 631111 90 5200
30470 047 640925 140 3350
30470 347 6409255 143 3350
30470 047 6409255 140 3350
30470 047 640925 1 4 0 3353
30470 047 640925 140 3350
30470 047 040925 1400 3350
30470 047 640925 1400 3350
30473 047 640925 140 3350
30470 047 640925 1400 3350
30470 047 640925 140 3350
30470 047 640925S 140 3350
30581 058A9 631002 145 4353
06581 058A 6310022 145 4350
30581 0588 6310022 145 4350
30581 0588 631002 145 4350
30581 058AA 631002 145 4350
30581 058A 631002 145 4350
30581 058A8 631002 145 4350
30581 058A 631302 1455 4350
30581 05dA 637332 145 4350
30581 058A 631302 145 4350
30581 058A 631302 145 4350
30581 058A 631302 145 4350
30581 058A 631002 145 4350
30581 058A 631002 145 4350
30581 0588 631002 145 4350
30581 058A 631002 145 4350
30581 058AA 640930 120 3100
30581 058A 6409300 120 3100
30581 058A 640930 120 3100
30581 058A 640930 123 3100
30581 0588 6409300 1213 310C
30581 058A 640930 120 3100
305dl 058A 6409300 123 3100
30581 05dA 640930 1 2 0 3100

10 0.0 0.0
11 0.0 0.0

1 1.6 15.0
2 1.9 4.3
3 0.5 4.3
4 1.4 14.3
5 1.5 5.4
6 1.5 23.1
7 1.2 3.8
8 1.3 18.8
9 1.6 1.7

10 1.5 6.3
11 1 . 6 0.7
12 1.2 1.7
13 1.4 18.9
14 1.8 8.6
15 1.88 34.6
16 1.8 27.1
17 1.7 62.2
18 1.88 47.6
19 1.88 32.8
20 1.7 29.7

1 0.8 0.5
2 0.7 3.0
3 0.5 2.0
4 0.7 70.0
5 0.88 12.0
6 1.5 19.0
7 0.77 49.5
8 0 . 9 39.0
9 0.7 6.5

10 0.3 5.5
11 0.4 1.0

1 0.5 3.5
2 0.2 2.1
3 0.9 8.7
4 0.5 17.3
5 0.8 6.8
6 1.1 18.5
7 1.0 3.8
8 1 . 3 3 2 . 5
9 1.7 15.4

10 1.1 13.0
11 1.2 30.3
12 0.6 16.2
13 0.8 0.0
14 0.7 3.8
155 0.6 5.7
16 0 . 7 22.9

1 0.2 3.0
2 0.7 1.5
3 1.1 16.0
4  1.5 20.0
s 0.7 0.0
6 0.5 0.0
7 0.4 12.0
1 0.9 5.i

0
0

1405
310
310

1350
410

2450
260

1880
68

5 0 5
18

100
1880
685

4325
3050

12000
74OO
3980
3425

18
130
103

15800
1060
1880
7875
5200

505
410

50
215
100
685
1700

545
1820
2b0

3945
1460
1180
3525
1525

0
240
460

2375
180
as

1530
2000

1446
319
319

1339
422

2521
268

1935
70

520
19

103
1935
705

4450
3138

12348
7615
4395
3524

16
161
92

14141 110
949

1633
7048 1 0 0
4654

4 5 2
367

45
190
88

606
1503

4 8 2
1609
230

3487
1241
1043
3116
1348

0
212
437

2130
170
80

1446
1890

1065

410
1066

387
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30581 058~ b40930 120 3130
30581 058A 640930 120 3100
30581 058A b40930 120 3100
30581 058A 64OY30 120 3130
30581 058A 640930 120 3100
30581 0588 64 0330 120 311)o
30581 058A 640930 120 3100
30581 058A 645930 120 31OO
30581 058A 640930 120 3100
30581 058A 640333 120 3133
30582 0586 631002 145 43SO
30582 058D 631002 14s 4350
30582 058% 631002 145 4350
30582 058B 631002 145 4350
30582 058B 631002 145 4350
30582 0588 631002 145 4350
30582 058b 631002 145 4350
30582 0583 631002 145 4350
30582 058B 631002 145 4350
30582 058B 631002 145 4350
30582 OSdB b31oi!U 110 4250
30582 058B 631024 110 4250
30582 OS8B 631O24 110 4250
30582 058B 631024 110 4250
30582 0588 631024 110 4250
30582 058B 631024 110 4250
30582 058B 631024 110 4250
30582 0588 631021, 110 425O
30582 058B 631024 110 4250
30582 0588 631024 110 4250
30582 058B 640930 123 3100
30582 0588 643930 120 3100
30582 058B 640930 120 3100
30582 05elB 640930 120 3130
30582 058B 6UO930 120 3130
30582 058B 640930 120 3100
30582 058B 640930 120 3100
30582 058B 640930 120 3130
30582 O58B 640930 120 3100
30582 058B 640930 120 3130
30582 0588 651022 110 4300
30582 058B 651022 110 4300
30582 058B 651022 110 4300
30583 058c 631024 110 4250
30583 058c 631024 110 4250
30583 058~ 631024 110 4250
30583 058c 631024 110 4250
30583 058C 631324 113 4250
30583 058C 631024 110 4250
30583 058c 631024 110 4250
30583 058c 631024 110 4250
30583 058c 631024 110 4250
30583 058C 631024 110 4250
30583 058C 631024 110 4250
30583 058C 631024 113 4250
30583 058C 631024 110 4250
305d3 0535 631024 llr) 4250

C

2
a
s
4
cn

2 1.2 25.0 2750 2599
3 0.3 2.0 101) 94
4 0.8 6.0 I(bO 435
5 1.5 17.5 1700 lb36
6 l-3 10.5 a90 841
7 0.4 2.3 100 94
a o-4 4.5 310 293
9 1.4 0.5 18 17

10 1.2 45.0 6725 6355
11 1.3 22-s 2375 2244

1 0.2 0.0 0 0
2 1.3 15.4 1465 1295
3 1.1 11.9 1070 946
4 1.0 11.3 950 840
5 1.4 4-l 260 230
6 0.8 0.0 0 0
7 0.7 0.0 0 0
a 0.5 12.0 1070 946
9 0.5 1.1 68 60

10 0.5 5.6 460 407
1 0.3 2.2 100 97
2 1.1 8.7 735 714
3 1-l 38-2 5000 4860
4 3.9 5-b 410 399
5 1.2 13.5 1235 1200
6 0.5 1.8 100 97
7 0.7 i-a 100 97
8 0.5 12-3 1125 1094
9 O-1 0.1 0 0

10 0.5 5.7 410 399
1 0.1 4.5 310 293
2 1.3 15.0 1405 1328
3 O-6 0.5 18 17
4 0.7 8.5 685 647
5 l-0 8.0 640 605
6 0.2 0.5 18 17
7 0.5 1.5 68 6U
8 0.3 1.5 68 64
9 0.0 5.0 370 350 030

10 0.3 2-O 100 94
2 O-2 3.0 0 0
u 0.7 6-S 505 491
6 0.7 2.0 100 97
1 1.1 3-9 265 258
2 1.2 4.9 360 350
3 1.1 1.4 68 66
4 1.2 3.7 230 224
5 1.1 0.8 35 34
6 1.1 0.9 35 34
7 1.0 3.5 215 209
8 1.1 0.0 0 0
9 0.9 2.4 135 131

10 1.0 3.9 265 258
11 O-9 1.2 68 66
12 1.0 lb.5 1640 1594
13 1.2 lu.8 lU30 1301
14 1.1 3.3 180 17s



30583
30583
30583
30583
30583
30583
30584
30584
30584
30584
30584
30584
30584
30584
30584
30584
30584
305a4
30584
30584
30584
305a4
30584
30584
30584
30584
30584
30584
30584
30610
30610
30610
30610
30610
30610
30610
30610
30730
30730
30730
30730
30890
30890
30890
30890
30890
30890
41140
41140
41140
41140
41140
41140
41140
41143
41140
41143

E
F2 E
[/1 2

35aC 631324
058C 63 1024
058c 631024
058C 63102r,
058C 631024
058C 6jltI24
058D 631324
05tSD 631024
058D 631324
058D 631024
05i3D 631024
05dD 631024
058D b31024
058D 631024
058D 631024
0580 631024
058D 631024
058D 631024
058D 631024
058D 631024
058D 631024
05aD 631024
058D 640930
058D 640930
058~ 640930
058D 640930
058D 640930
058D 640930
058D 640930
061 643930
001 640930
001 640930
061 640930
061 040930
061 640930
061 640930
061 640930
073 651022
073 651022
073 651c)22
073 651022
089 631023
089 631023
089 631023
089 631023
089 631023
089 631023
114 631025
114 631025
114 631025
114 631c)25
114 631025
114 631325
114 b3102fa
114 631025
llrc 531023
114 631325

w
K
3 i;li
c- u

; z
a 5
2 Lo
2 s

1 1 3  4250
1 1 0  4250
110 4250
110 4250
110 4250
113 4250
110 4250
lid 4250
110 4250
110 4250
110 4250
110 4250
110 4250
110 4250
110 4250
110 4250
110 4250
110 4250
110 4250
110 4250
110 4250
110 4250
135 3100
135 3100
135 3100
135 3100
135 3100
135 3130
135 3100
135 3100
13s 3100
135 3100
135 3100
135 3100
135 3100
135 3100
135 3100
115 4300
115 4300
115 4300
115 4300
115 4300
115 4300
115 4300
115 4300
115 4300
115 4300
110 4380
110 4380
110 4380
llu 4380
110 43t30
110 43130
110 4380
110 4330
1 1 0  438i.l
110 4380

15 1.0 6 . 2 460 447
16 1.7 7.5 595 578
17 1.4 7.0 550 535
18 1.2 12.2 112ci 1039
19 1.2 30 .s 3535 3405
20 1.4 4.9 360 350
1 1-d 10.5 890 865
2 1.7 1.5 63 66
3 1.6 1.6 68 66
4 1.4 4.0 269 253
5 1.6 36.3 4720 4588
6 1.3 58.8 10550 10255 010
7 1.0 58.0 13400 101(/9 010
Ei 1.4 0.2 0 0
9 1.0 31.3 3790 3684

10 1.0 64.2 12600 12247 OlC
11 1.6 64.0 12600 12247
12 1.0 38.5 5100 4957
13 0.8 4.1 265 258
10 1.2 0.5 18 17
15 0.8 24.7 2750 2673
16 0.3 62.3 11800 11470 010
1 1.4 11.0 95c 863
2 1.3 0.5 435 443
3 1.0 33.0 4040 3668
4 0.5 22.3 2300 2088
5 0.9 2.0 130 118
6 0.4 22.5 2390 2170
7 1.5 18.5 1823 1653
1 0.7 3.0 170 154
2 0.6 2.5 135 123
3 0.7 3.5 215 195
4 0.5 2.0 100 91
s 0.7 5.0 370 336
6 0.7 6.5 505 459
7 O-8 0.0 0 0
8 0.7 0.0 0 0
1 0.7 24.5 2675 2565
5 0.7 17.5 1700 1630
6 1.3 7.0 550 527

10 1.0 1.0 50 48
1 1.6 27.5 3125 2997
2 1.8 57.1 10100 9666 010
3 1.5 20.1 2015 1932
4 1.4 16.9 1580 1515
5 1.5 19.9 18a0 1303
6 1.6 10.3 830 736
1 0.4 11.0 955 928
2 0.5 7-4 595 578
3 0.5 0.8 35 34
4 0.4 4.6 310 301
5 0.4 1.4 68 66
6 0.5 1.9 100 97
7 0.6 0.0 0 0
8 0.4 5.5 410 399
7 il.ti 3.6 215 21) Y

10 0.9 1.9 100 Y 7
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41140 114
41143 llr,
41140 114
41140 114
u1143 114
41140 114
41140 114
41140 114
4llJll 114
41140 114
41143 114
41140 114
41140 114
41140 114
41140 114
41140 114
41140 114
41140 114
41140 114
41140 114
41140 114
41140 114
41140 114
41140 114
4114lI 114
41140 114
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41220 122
41230 123
41230 123
41230 123
41230 123
41230 123
41230 123

c;]
2:
2

L:
0d C

E
<

u c E
t- 9 m
< u
c k c”

631325 110 4380
bj10.25 110 4380
631025 113 4380
631025 110 4381)
031325 110 43ao
631025 110 4380
631325 113 4380
631025 110 4390
631025 110 4380
631025 110 4380
631025 110 4380
631025 110 4380
631325 110 4380
631025 110 4380
631325 110 4380
631025 110 4380
631025 110 4380
631025 710 4380
641301 135 0
641001 135 0
641001 135 0
641001 135 0
641001 135 0
641001 135 0
641001 135 0
641001 135 0
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4380
631025 115 4383
641001 140 0
641001 140 0
641001 140 0
641001 140 0
641001 140 0
641001 140 0
641001 140 0
641301 140 0
631112 100 5400
631112 100 5400
631112 100 5400
631112 lG0 5400
631112 lG0 5400
631112 100 5400

11 3.7 3.0 183 175
12 0.6 0.1 0 0
13 0.d b.8 550 535
14 1.1 0.0 3 0
15 1.0 6.6 505 491
16 0-d 5.1 360 35tI
17 1.2 33.5 5300 5152
18 0.9 4.0 200 253
19 1.4 9.1 730 710
20 1.7 4.4 315 306
21 1.3 3.7 215 209
22 1.0 5.3 360 353
23 1.3 2.4 135 131
24 1.4 16.9 1640 1594
25 1.0 (3.4 18 17
26 0.8 d-2 50 49
27 0.9 3.3 170 165
28 0.7 0.0 0 0
1 0.2 2.0 100 91
2 0.2 6.0 460 418
3 0.3 4.5 310 28 1
4 0.2 3.5 215 195
5 0.5 2.0 190 91
6 0.7 5.5 405 368
7 0.9 6.5 505 459
8 0.4 1.5 68 62
1 0.7 15.0 1400 1343
2 0.6 13.5 1235 1184
3 0.6 1.3 68 65
4 0.8 0.1 0 0
5 0.6 2.5 135 129
6 0.7 0.0 0 0
7 1.3 2.8 180 173
8 0-d 0.2 0 0
9 1.4 0-a 35 34

10 0.0 0.1 0 0
11 0.6 0.9 35 34
12 1.0 1.4 35 34
13 0.8 14.3 1350 1295
14 1.4 5.6 460 441
15 1.5 6.8 550 527
16 1.7 68.0 1I4600 14001
17 1.5 13.6 1235 1184
1 0.3 0.5 18 16
2 0.2 2.0 103 92
3 0.5 3.5 230 206
4 0.2 3.0 170 152
5 0.3 5.5 410 367
6 0.4 0.0 0 0
7 0.2 5.0 373 331
8 0.5 0.0 0 0
1 1.3 47.0 7250 7250
2 1.1 9-d 830 830
3 1.3 4.7 360 360
4 1.5 23.5 2525 2525
5 1.0 7.8 640 640
6 1.5 15.6 146il lu60
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41230 123 631112 100 5400 7 1.2 5.4
41230 123 631112 100 5400 8 1.3 10.2
41230 123 631112 100 5400 9 1.2 3.1
41230 123 631112 100 5400 10 1.4 1.4
41230 123 631112 103 54c)o 11 0.13 b-5
U1230 123 631112 100 5400 12 1.3 3.8
41230 723 631112 10G 54J0 13 1.4 2.1
u1230 123
41230 123
U1230 123
U1230 123
41230 123
41230 123
41230 123
41230 123
41230 123
1SOlO so1
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 531
15010 501
15010 501
15310 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15010 so1
15010 501
15010 501
15010 501
15010 501
15010 501
15010 so1
15010 501
15010 501
15010 501
15010 501
15010 501
15010 501
15020 502
15323 502

631301
6~1001
641301
641001
641001
641001
641001
641001
641001
643924
640924
640924
640924
640924
643324
640924
640924
040924
651020
651020
651020
651023
651020
651020
651020
651020
051020
651020
830522
830922
830922
830922
830922
830922
830922
830922
830922
830922
830922
830922
8309 22
830922
830922
83U922
830922
830922
830922
830322
833322
83uY22

140
140
143
140
140
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130
13d
130
130
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115
115
115
115
115
115
115

0 1 0.6 6.5
0 2 9.8 4.5
0 3 0.3 5.5
0 4 0.1 4.5
0 5 0.4 3.0
0 6 0.5 4.5
0 7 0.4 4.5
0 a 0.6 3.J
0 9 1.0 5.0
0 1 0.3 0.3
0 2 0.0 15.0
0 3 3.0 20.5
0 4 0.0 21.5
0 5 0.0 42.0
0 6 0.0 1.5
0 7 0.0 6.0
0 10 0.0 3.0
0 11 0.0 30.5
0 1 1.3 13.0
0 2 1.7 11.5
0 3 1.0 28.0
0 4  1 . 1  3 5 . 0
0 5 1.1 49.0
0 6 0.7 4.5
0 7 1-u 30.5
0 8 1.4 22.0
0 9 1.0 6.0

140
140
140
140
143
140
YUO
140
1UO
143
1uo
140
140
140
143
14J
143
140
140
14L,
145
145

4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4570
4571i

363
840
18C
68

5JO
260
100
505
315
410
310
170
315
315
183
300

0
1405
2195
2225
6000

68
460
180

3585
1180
1005
3200
4420
777s
310

3585
2300
460

z
0s
wu

Lo
G2 Lr:

5
ww c z
c3: -=z
$;

T. 5

z s

36Cl
840
180
68

500
260
100
452
282
367
277
152
282
282
161
322

0
1293
1937
2047
5520

63
423
166

3298
1132 200
964

3069 200
u239
7456 230
297

3438
2206
441

0 13 0.7 72.0 16200 15536 200
1 1.0 43. a 6450 5773 411) 4-25021
2 1.1 21.4 2240 2005 430 4-32321
3 1.0 40.5 5525 4945 410 a-323pl
4 1.1 6.5 505 452 400 4-118Pl
5 0.8 5.3 405 362 400 a-ilap
6 1.2 12.6 1181) 1056 400 4-184Pl
7 1.1 7.5 595 533 400 a-184Pl
8 0.8 12.2 1120 1002 400 4-10?2
9 1.0 11.6 1010 904 400 a-lop2

10 0.8 4.3 310 277 400 12-lOP2
11 0.7 34.8 4425 3960 u30 lb-lop2
12 0.7 4.4 310 277 400 6-185P2
13 0.5 24.5 2715 2430 430 lo-185P2
14 0-u 19.2 1895 1696 400 14-ld5P2
15 1.1 4d.5 7625 6824 410 lo-9OP3
16 0.7 40.8 5725 5124 410 14-93P3
17 0.7 34.8 4375 3916 430 ld-9OP3
Id 1.1 24.4 2675 2394 430 13-6OP3
19 0.8 16.3 1580 1414 400 14-6OP3
20 0.9 27.9 3125 2797 430 ld-6OP3
1 1.6 23.4 2000 17bd uoo 4_1OOi?l
2 1.5 47.2 7250 6401 410 d-lOU?l

5 8 4



















APPENDIX XII

GRAVEL QUALITY PARAMETERS FOR DEPTH SUBSAMPLES OF

CHINOOK SPAWNING GRAVEL COLLECTED AT 10 STATIONS

IN THE LOWER DESCHUTES RIVER, OREGON, 1983.



This appendix contains values of seven gravel quality

parameters calculated for depth stratified samples of

gravel from fall chinook spawning areas in the Deschutes

River, Oregon. The following are descriptions of the data

recorded here:

Station = Sampling site, with the last digit

representing sample depth, the two previous

to that indicating the sample number, and

all digits previous to those giving the

station number.

P119

P238

d25

= Percent by weight of sediment particles less

than 1.19 mm in diameter.

= Percent by weight of sediment particles less

than 2.38 mm in diameter.

= 25th percentile particle diameter of

subsample.

594



d75 = 75th percentile particle diameter of

subsample.

Sorting Coefficient = So d25/d75

Geometric Mean = dg = Geometric mean particle

diameter of subsample

F'redle Index = dg/so

595



101.6 - 127 mm (4-5) Gravel

INCLUDED

















101.6 - 127 mm (4-5 in) Gravel

EXCLUDED

















APPENDIX XIII

VALUES OF EACH GRAVEL QUALITY PARAMETER FOR EACH

SUBSAMPLED DEPTH OF CHINOOK SPAWNING GRAVEL, LOWER

DESCHUTES RIVER, OREGON, 1983



This appendix contains mean values and statistics of

dispersion for gravel quality indices calculated for depth

stratified gravel samples collected from ten fall chinook

spawning areas in the Deschutes River, Oregon. All data

given here are based on the particle size distribution of

all sediment particles less than 127 mm in diameter. The

following are descriptions of the data presented:

0

0

0

0

0

0

0

0

0

0

0

0

"A" -

"B" -

"C" -

" D " -

P119 -

P238 -

D25 -

D75 -

SORTCO

GEOMM

FREDLE

LNFREDLE

gravel stratum from 0 - 101.6 mm in depth

gravel stratum from 101.6 - 203.2 mm in depth

gravel stratum from 203.2 - 304.8 mm in depth

gravel stratum from 304.8 - 406.4 mm in depth

percent fines <1.19 mm

percent fines <2.38 mm

25th percentile particle size

75th percentile particle size

sorting coefficiency

geometric mean particle diameter

Fredle indix

natural-log transformation of Fredle index
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APPENDIX XIV

VALUES OF EACH GRAVEL QUALITY PARAMETER FOR EACH

DEPTH SLJBSAMPLE OF' STEELHEAD SPAWNING GRAVEL

COLLECTED AT THE LOWER DESCHUTES RIVER, OREGON,

1984.



This appendix contains values of seven gravel quality

parameters calculated for depth stratified samples of

gravel from summer steelhead spawning areas in the

Deschutes River, Oregon. The following are descriptions of

the data recorded herein:

Station = Sampling site, with the last digit

representing sample depth, the two previous

to that indicating the sample number, and all

digits previous to those giving the station

number.

P119 = Percent by weight of sediment particles less

than 1.19 mm in diameter.

P238 = Percent by weight of sediment particles less

than 2.38 mm in diameter.

d25 = 25th percentile particle diameter of

subsample.
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d75 = 75th percentile particle diameter of

subsample.

Sorting Coefficient = So d25,'d75

Geometric Mean = dg = Geometric mean particle

diameter of subsample

Fredle Index = d9/so
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APPENDIX XV

GRAVEL QUALITY PARAMETERS FOR DEPTH SUBSAMPLES OF'

STEELHEAD SPAWNING GRAVEL COLLECTED AT THE LOWER

DESCHUTES RIVER, OREGON, 1984.



This appendix contains mean values and statistics of

dispersion for gravel quality indices calculated for depth

stratified gravel samples collected from 13 summer

steelhead spawning areas in the Deschutes River, Oregon.

All data given here are based on the particle size

distribution of all sediment particles less than 101.6 mm

in diameter. The following are descriptions of the data

presented:

0

0

0

0

0

0

0

0

0

0

0

0

"A" -

"B" -

"C" -

'ID" -

P119 -

P238 -

D25 -

D75 -

SORTCO

GEOMM

FREDLE

LNFREDLE

gravel stratum from 0 - 101.6 mm in depth

gravel stratum from 101.6 - 203.2 mm in depth

gravel stratum from 203.2 - 304.8 mm in depth

gravel stratum from 304.8 - 406.4 mm in depth

percent fines <1.19 mm

percent fines <2.38 mm

25th percentile particle size

75th percentile particle size

sorting coefficiency

geometric mean particle diameter

Fredle indix

natural-log transformation of Fredle index
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APPENDIX XVI

SUMMARY OF STEELHEAD AND RESIDENT RAINBOW TROU'I

REDDS COUNTED, BY BAR AND RIVER MILE, IN THE LOWER

DESCHUTES RIVER, OREGON, 1984.



This appendix contains redd count data for steelhead and

resident rainbow trout spawning areas in the lower

Deschutes River, Oregon which were surveyed in 1984.

Counts of trout redds are presented here on a bar-by-bar, a

Study Section, and a ten-mile reach basis.
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Deschutes Gravel Study

Redd Counts
Study Section I

Bar # Bar Code

701A,702 1030
701B 1026
716~ 1101
706 1050
708,709 1060,1065
711 1075
733 1205
732 1200
734,735,737 1210,1215,1225
738-750 1245 thru 1310
752 1365
753A-C,2A 1370,1375,1380,

1395
3 1400

RM

99.9 16 redds
99.9 2 redds
99.9 1 redd
99.9 15 redds
99.9 6 redds
99.9 72 redds
98.9 95 redds
98.9 7 redds
98.9 7 redds
98.9 16 redds
98.3 1 redd
98.1 34 redds

98.0

Count

20+ redds

Date

5/31/84
5/31
5/31
5/31
5/31
5/31
6/l
6/l
6/l
6/l
6/l
6/l

6/l
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Deschutes Gravel Study

Redd Count
Studv Section II

Bar# Bar Code River Mile Count Date

9 2015 96.7 12 redds 6/l/84
11,12 2025,203O 96.5 8 redside redds 60
15 2050 96.4 158+ redds 6/l
24 2120 94.3 3 redds 6/l
600 2055 96.0 2 redds 6/l
601 2100 95.0 3 sthd redds 6/l
602 2105 95.0 2 redds 6/l
22 2110 94.8 3 redds W
27 2150 94.3 6 redds 6/l
27 2150 94.3 7 sthd redds 6/l
29.1 2161 94.2 4 redds 60
29.4 2164 94.2 73 redds 6/l
33 2190 92 .o 3 sthd redds 6/14
34.5 2200 91.1 1 sthd redd 6/14
607 2205 91.9 4 sthd redd 6/14
35 2210 91.9 1 sthd redd 6/14
609 2220 91.5 1 sthd redd 6/14
38 2235 90.6 1 redside redd 6/14
39 2240 90.6 2 sthd redds 6/14
613 2245 90.3 1 redd 6/14
614 2265 88.3 11 redside redds 6/14
614 2265 88.3 1 sthd redd 6/14
53 2320 87.3 42 redside redds 6/14
53 2320 87.3 7 sthd redds 6/14
54 2325 86.9 1 sthd redd 6/14
617 2360 86.0 7 redside redds 6/14
617 2360 86.0 2+ sthd redds 6/14
62 2380 85.3 10 redside redds 6/14
62 2380 85.3 7 sthd redds 6/14
601 2100 95 .o 4 sthd redds 7/4
601 2100 95.0 4 redside redds 7/J
22 2110 94.8 4 sthd redds 70

603 2130 94.2 5 redside redds 7/4
603 2130 94.2 1 sthd redd 7/4
604 2140 94.2 1 sthd redd 7/4
604 2140 94.2 6 redds 7/4
605 2175 92.7 5+ redds 7/4
605 2175 92.7 2 sthd redds 7/4
607 2205 91.9 21+ redds 7/4
607 2205 91.9 3 sthd redds 7/4
609 2220 91.5 3 redds 7/4
609 2220 91.5 2 sthd redds 7/4
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Deschutes Gravel Study

Redd Count
Study Section II

Bar# Bar Code River Mile

613 2245 90.3 lO+ redds 7/4/84
53 2320 87.3 88 redds (7 sthd) 7/4
615 2340 86.7 138 redds 7/4
616 2350 86.1 heavy redside use 7/4
57 2345 86.1 10 redds 7/4
617 2360 86.0 mass spawned 7/4
2 2380 85.3 mass spawned 7/4
61 2375 85.3 2+ redds 7/4
618 2385 85.3 15 redds 7/4
618 2385 85.3 4 sthd redds 7/4

Count Date
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Deschutes Gravel Study

Redd Counts
Study Section III

Bar # ' Bar Code River Mile

92.5 3160 76.3
93 3165 74.5
93 3165 74.5
99 3195 73.6

114A 3260 70.3
114B 3265 70.2
114B 3265 70.2
58A 3285 69.2
58A 3285 69.2
58B 3290 69.2
58B 3290 69.2
118A 3305 69.1
118A 3305 69.1
629 3340 66.6
156 3350 65.6
160 3370 64.5

618 2385 85.3
618 2385 85.3
619 3010 83.0
619 3010 83.0
70 3015 83.0
68 3020 83.0
76 3055 82.7
77 3060 82.7
77 3060 82.7
75 3050 82.7

623 3215 7219
103 3220 72.9
624 3225 72.7
114A 3260 70.3
114A 3260 70.3
114b 3265 70.2
114B 3265 70.2
114c 3270 70.2
115 3275 69.6
58A 3285 69.2
58A 3285 69.2

Count

6 redds
1 sthd redd
5 redds
mass spawned
5 sthd redds
1 sthd redd
1 redside redd
3 sthd redds
3 redside redds
4 sthd redds
2 redds
20+ redds
1 sthd redd
many redsides
1 sthd & redd
8 sthd redds, many
redsides present
2 sthd redds
1 redside redd
8 redds
4 sthd redds
1 sthd redd
lO+ redds
1 sthd redd
1 redd
4 sthd redds
2 sthd redds
2 redds
4 stha redds
4 redside redds
4 sthd redds
2 redside redds
1 sthd redd
mass spawned
disturbed by redsd
redside activ. ev.
18 redds
2 sthd redds

Date

6/15/84
6/15
6/15
6/15
6/15
6/15
6/15
6/15
6/15
6/15
6/15
6/15
6/15
6/15
6/15
6/15

6/14
6/14
7/4
7/4
7/J
7/4
7/4
v4
7/4
7/4
7/4
7/4
7/5
7/5
7/5
7/5
7/5
7/5
7/5
7/5
7/5
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Deschutes Gravel Study

Redd Counts
Study Section III

Bar # . Bar Code River Mile

58B
58B
119
628
154
629
630
630
620
99

631
165
165
633
83
84

92.5
93
93
95
211.5
214

102
102

3290 69.2
3290 69.2
3295 69.1
3305 69.1
3330 67.5
3340 66.6
3370 64.5
3370 64.5
3080 79.5
3195 73.6
3385 62.9
3400 61.8
3400 61.8
3410 59.4
3105 77.2
3110 77.2
3140 76.9
3160 76.3
3165 74.5
3165 74.5
3175 74.0
3495 50.8
3510 46.5
3506 47.5
3507 47.5
3509 47.5
3210 72.9
3210 72.9

Count Date

6 redds 7/5
2 sthd redds 7/5
1 7/5
lOO+ redds 7/5
4 redds 7/5
3 redside redds 7/5
14 redds 7/5
6 sthd redds 7/5
12 redside redds 7/4
27 redds 7/4
spawned patches 7/5
55 redds 7/5
3 sthd redds 7/5
3 redside redds 7/5
14 redds 7/5
2 redside redds 7/5
2 redside redds 7/5
13 redds 7/5
20+ redds 7/5
lO+ sthd redds 7/5
6 sthd redds 7/5
2 sthd redds 8/17
1 sthd redd 8/17
4 redds 9/13
1 sthd redd 9/13
5 sthd redds 9/13
2 redds 7/4
1 sthd redd 7/J
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Deschutes Gravel Study

Redd Counts
Study Section IV

Bar # Bar Code River Mile
IV-12 4020 40.9
IV-19 4055 39.9
IV-92 4335 21.9
IV-93 4340 21.9
IV-94 4345 21.1
915 4135 31.7
906 4055 39.8

4180 29.7

Count Date
7 redside redds 7/25/84
surf. dist. by fish 7/25
2 trout redds 8/11
6 sthd redds 8/11
surf. dist by fish 8/11
5 sthd redds 8/16
1 sthd redd 8/11
2 sthd redds 8/16
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SUMMARY TABLE

Steelhead, resident rainbow, and unclassified trout redds
counted per 10 mile reach of the lower Deschutes River in
1984.

Resident Total
River Mile Steelhead Rainbow Unclassified Redds

O-10 0 0 0 0
10-20 0 0 0 0
20-30 8 2 0 10
30-40 0 0 0 0
40-50 7 7 4 18
50-60 2 0 0 2
60-70 19 3 198 220
70-80 29 28 80 137
80-90 50 70 211 331
go-100 25 18 536 579

Totals 146 128 1029 1283
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APPENDIX XVII

RIVER CROSS-SECTIONS FOR THE DESCHUTES RIVER AT

USGS TRANSECT SITES NEAR THE PELTON AND MOODY

GAGES, LOWER DESCHU'I'ES RIVER, OREGON.



This appendix contains two time series of channel

cross-sections for the Deschutes River, Oregon based on

historical data. One series of cross-sections is for a

u. s. Geological Survey (USGS) transect near Pelton (RM

100) and the other is for a USGS transect near Moody (RM

1.3).

Cross-sections in each series are presented sequentially on

transparent overlays to allow an examination of historical

trends.
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